INTRODUCTION {#sec1-1}
============

Measuring height, weight, and body mass index (BMI) gives significant information on the nutritional and health status of individuals. There are evidences that an increase in BMI is associated with a wide range of factors including blood pressure level, heart disease, asthma, headache, and backache.[@ref1] It has been reported that a BMI above 27.8 and 27.3 kg/m^2^ for men and women, respectively, may increase mortality. Some reports have even extended the safety limits and mentioned a BMI of below 25 kg/m^2^ as a suitable index for women.[@ref1][@ref2] On the other hand, a significantly low BMI in women not only indicates disorder and mal-nutrition, but also leads to osteopenia and osteoporosis and increases the risk of prematurity and giving birth to under-weight children.[@ref3]

High blood pressure is one of the most important potential causes of heart and vascular disorders. It is a problem which may start during youth but can, however, be subdued by medical control. The association of high blood pressure and BMI is topic of much discussion, which highlights the importance of BMI.[@ref4]

It has been reported that low BMI is associated with iron deficiency anemia. Iron deficiency anemia is one of the most common nutrition-related problems in Iran and many other parts of the world, and is characterized by a wide range of hematological and non-hematological symptoms.[@ref5][@ref6] Iron deficiency, in addition to being a possible result of digestive disorders, stems from two other factors, i.e. increased physiological needs and nutritional problems. Since these factors are involved, iron deficiency has a high prevalence in youth especially in females. Whatever the roots, non-hematological iron deficiency symptoms in any age may have significant impacts on learning abilities of students and consequently their progress through the stage of higher education.[@ref6]--[@ref9] University students are exposed to potential threats due to not only probable economic difficulties, but also cultural orientations and nutritional habits. Therefore, they are at high risk for iron deficiency anemia, and may as a result fail to advance to higher academic circles. The importance of the issue is obvious, especially considering the fact that it concerns people who make the future of the society.

Addressing the aforementioned problems, considering their possible impacts during the critical stage of academic studies, can be very rewarding for society in general. The current study was carried out to determine height, weight, body mass index, blood pressure level and red blood cell (RBC) indices (as a sign of iron deficiency anemia) in freshman students , in order to facilitate the planning of a suitable health care program to be carried out for them based on their present status.

METHODS {#sec1-2}
=======

All of the freshman students entering the University of Isfahan in 2009 were examined following admission to the clinical health centre of the university. The height and weight of these students were measured and the BMI was calculated. The normal BMI range was considered as 18.5-25 kg/m^2^, according to the WHO guidelines.[@ref10]

After entering the clinic, the students completed a personal information form. Then, (approximately five minutes after entry) their blood pressure was measured using a mercury monometer in sitting position and recorded by the clinic doctor. The students have had breakfasted at least half an hour before entering the clinic. A systolic blood pressure exceeding 130 mmHg, or a diastolic blood pressure above 90 mmHg was considered as a sign of high blood pressure. Complete blood count (CBC) was performed to determine and record hemoglobin (Hb) levels and RBC indices. Normal values for mean corpuscular volume (MCV) and Hb were considered as ≥ 80 fl, ≥13.7 g/dl in men and 12.2 gr/dl in women, respectively.[@ref11][@ref12]

Among the students with MCV \< 80 fl, iron deficiency anemia was differentiated from thalassemia minor regarding the RBC indices, including red blood cell distribution width (RDW), mean corpuscular hemoglobin concentration (MCHC) and Mentzer index.[@ref12] The frequency of anemia, high blood pressure, and their relations to BMI were then investigated. Students didn't receive any medications for iron deficiency anemia until the end of semester, as there was a delay between collecting the data and analyzing the hematological findings. Each student\'s average test score was calculated at the end of the semester to assess any possible relation between iron deficiency and their academic progress.

Statistical analysis {#sec2-1}
--------------------

Data are expressed as the mean ± SD or percentage. Differences between groups were evaluated using student\'s t-test, Fisher\'s exact test, Mann-Whitney U test, and Cramer\'s V test.

RESULTS {#sec1-3}
=======

The study population consisted of 1675 new coming students of the University of Isfahan, including 514 males and 1161 females. They went under clinical observations and were put on medical record. The average age was 21.2 ± 4.4 and 20.5 ± 3.4 years among male and female students, respectively. BMI details of 1224 students, including 445 males and 779 females, were recorded precisely. A percentage of 19.4 of the whole student population (18.2% male, 20% female) were underweight. A BMI level above 25 was more common in the males (21.6% males vs. 13.5% females) (p = 0.004). The overall percentage of overweight students was 16% (2.2% were obese). Among all students, 0.9% of males and 5.5% of females had a diastolic blood pressure equal to or above 90 mmHg. A systolic blood pressure above 130 mmHg was seen in 7.8% of the males and 1.3% of the females.

BMI and high blood pressure {#sec2-2}
---------------------------

A direct relationship was observed between increased systolic blood pressure and BMI, i.e. the higher BMI level, the more the number of cases with high systolic blood pressure. The percentage of individuals with a systolic blood pressure of above 130mmHg in the BMI \> 25 kg/m^2^ group was 11.8%, but among those with a BMI level equal to or below 25, only 2% showed a systolic blood pressure above 130 mmHg (p \< 0.001). This was more significant in the males (21.5% vs. 3.5% in females with BMI over 25 kg/m^2^). In case of diastolic blood pressure, the differences were not meaningful.

Hematologic findings {#sec2-3}
--------------------

The average Hb level was 13.4 ± 1 g/dl (from 8.6 to 16.9 g/dl) and 15.6 ± 1 g/dl (from 12 to 18.4 g/dl) in female and male students, respectively. The MCV levels in females and males were 86 ± 5.9 vs. 85 ± 5.5 fl (p \> 0.05). Low Hb levels were identified in 8.7% of females and 4.5% of males. Anemia was more widespread in those above 20 years old. Other hematological findings are presented in [Table 1](#T1){ref-type="table"}.

###### 

Hematologic indices in the population of university students
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BMI \< 18.5 was associated with anemia in males (p = 0.002) but not in females ([Table 2](#T2){ref-type="table"}). Sixty eight percent of students with low Hb levels (13.7 g/dl and 12.2 g/dl in males and females, respectively) were categorized as the 'iron deficiency anemia' group. Of the overall student population, 3.9% (with or without anemia) were categorized as 'with signs of minor thalassemia'.

###### 

The relation between BMI and anaemia
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Anemia and academic progress {#sec2-4}
----------------------------

According to the university records, the prevalence of iron deficiency in the students with highest average test scores in the first academic semester was almost similar to those with the lowest average test scores (31% vs. 29%, P \> 0.01).

DISCUSSION {#sec1-4}
==========

The current study indicated that 365 students had weight and height discrepancies. The evaluation of BMI can be an indirect way of determining the current nutritional status and subsequently the level of social health care in a country. Therefore, regulatory policies on the basis of normal BMI in each nation, which may help overcoming weight discrepancies, would be of special importance for improving people\'s life standards. In some populations the BMI 18.5 to 25 is defined as normal.[@ref10] Taking this BMI level as normal, weight discrepancy among the new coming students of the University of Isfahan would be 36% which is worrying and must be taken into consideration.

The difference between the two genders, regarding the BMI discrepancy, is predictable and in harmony with the social layout and in line with other societies.[@ref13][@ref14] Overall, a BMI level below 18.5 was more common in females. Conversely, a BMI above 25 was significantly less common in females in comparison with their male counterparts. This difference probably stems from a difference in male and female ideals and the nutritional habits among females who deem it incumbent upon themselves to be slender. In any case, a 20% decrease in the BMI of the future mothers of the society is what social welfare authorities should be concerned about. Pregnancy in females with low BMI may contribute to serious problems including giving birth of premature or underweight infants. A possible solution to this dilemma is to encourage females toward exercise as a means of weight control rather than dieting and also promoting exercise facilities and areas at the same time.

Although in this research we observed a relatively low frequency of overweightness, results are different in other reports.[@ref15][@ref16] BMI depends on several variables, including behavior patterns, nutritional habits, social ideals and also changes due to aging.[@ref17] Therefore, the aforementioned differences are to be expected, and BMI discrepancies may vary from one report to the other upon different conditions and circumstances in which a study is conducted. However, the 16.6% level of overweightness evidenced in this study indicates a significant potential danger (high blood pressure, diabetes, heart disease, etc) for the individual. Possible solutions are physical activity promotion, extracurricular sporting activities (especially for females considering the social constraints on female physical activities), counseling sessions on nutritional habits (recommendations on consuming fruits, and vegetables) and an increase in social propaganda concerning healthy foodstuffs.[@ref18]

The relationship between BMI and blood pressure and the mutual effect of the two on physical status has been known and under discussion for years.[@ref19] There are many articles dealing with the connection of BMI and isolated systolic blood pressure.[@ref20]--[@ref22] Some articles have also studied connection of both diastolic and systolic blood pressure with BMI.[@ref23][@ref24] The reason of the differences in the results of such studies in not clear. Genetic differences, sample size, the age range, and the heterogeneity of the populations involved may be probable causes. The relationship between BMI and isolated systolic blood pressure may be attributed to conditions found in overweight individuals, including disorder in the autonomic (sympathetic) system, insulin resistance and high fasting insulin level.[@ref21]--[@ref25] The findings of the present study affirmed the connection between BMI and isolated systolic blood pressure. In addition, the significant number of males having high systolic blood pressure can be explained by the higher BMI levels observed in these individuals.

Since females experience the monthly period, the significant higher frequency of anemia in their group was predictable. However, the result of female anemia in the age range targeted by the current research differs from similar studies elsewhere. For instance, in a different study carried out in Iran on 14-20 year-olds the minimum Hb level was considered to be 12 g/dl and 21.4% of the females were reported as anemia sufferers.[@ref5] In the present study, although a 12.2 g/dl minimum Hb level was used as well, the frequency of anemia was much lower (8.7% vs. 21.4%). The age range in the present study was higher than the former report (20.5 ± 3.4 vs. 14-20) and an increase in anemia prevalence was observed with increases in age. Therefore, it is not applicable to assume anemia to be more frequent in lower ages. In another research, carried out on female students within the same age group in Iran, 3.8% of the population was reported to have anemia.[@ref26] A precise interpretation of data and accurate comparison among the three mentioned reports is not possible due to the lack of information. However, the differences may result from diverse economic background and variety of social classes. The first of the two above mentioned studies was carried out among students in the Western regions of the country and the second among Tehran University students, two groups which are highly different in terms of cultural practices and social hierarchy. In addition, if iron deficiency is considered to have negative effects on academic progress, Tehran University medical students must obviously enjoy the least degree of iron efficiency (medicine is the most difficult field of study a student can enter in Iran, and Tehran University is the most prestigious academic institution). In the present study, our students ranked lower than Tehran Medical students academically. However, they were economically higher than the students of the Western regions addressed by the first study above. Even though an adequate comparison between these three studies needs more evidence, the observed differences may highlight the effect of iron deficiency on academic progress and call for further investigation. In any case, an 8.7% of anemia (68% of which showed iron deficiency anemia), calls for serious consideration and indicates the importance of anemia screening programs for freshman students entering universities. It should be added that iron deficiency without the symptoms of anemia is more widespread than iron deficiency accompanied with anemia, which gives more emphasis to the necessity of addressing the issue.

In the present study, iron deficiency was associated with BMI ≤ 18.5 kg/m^2^ in males. This may stem from nutritional habits of this population and is in harmony with other studies.[@ref1][@ref17] With regard to the consequences of iron deficiency, and the higher frequency of anemia in students with lower BMI, the need for nutritional guidelines and counseling sessions based on individual medical records deems a necessity.

There are several reports in the literature demonstrating the association of iron deficiency with educational regress.[@ref27] However, in the present study, students with iron deficiency did not illustrate lower test scores compared to those without iron deficiency. This paradox was predicted as iron deficient students were not treated for anemia to show academic progress at the end of semester. Further approach and appropriate clinical trials are required to explain the relationship between iron deficiency and educational progress.
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